Summary
The morphological change of y' in a directionally solidified nickelbase superalloy IN-713C has been quantitatively investigated by the application of a <lOO> oriented uniaxial tensile stress during annealing at elevated temperature.
In agreement with previous work, it has been found that the coarsening of y' to platelets, or rafts, was developed in an orientation perpendicular to the applied stress. Furthermore, the degree of rafted y' has been determined as function of stress, temperature, and time by measurement of the aspect ratio, c/a, of y'. That is, a map of c/a for stress-temperature for 100 hours was made from experimental data. Conversely, using the above map, it was suggested that it was possible to estimate the stress distribution for actual components such as turbine airfoils after elevated temperature performance by microstructural observation of significant parts. Also, the technique developed in this study is considered to be generally applicable to other single crystal and directionally solidified nickel-base superalloys.
Introduction
Morphological changes of y' were observed in IN-713C turbo-charger turbine wheels which were exposed to an endurance test for about 100 hours (1). -
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., The plate-like coarsening of y' is more marked at higher applied stress ( Figure 2 ) and for more prolonged exposure ( Figure  3 ). Also, in comparing the micrographs in Figure 2 with Figure 3 , it appears that the degrees of flatness of rafted y' are more pronounced at higher temperatures.
The degree in flatness of rafted y' ratio, can be expressed by the aspect c/a, where c and a are the average length of y' in a parallel and perpendicular direction to the applied stress, respectively. The c/a ratios were measured for all tested specimens to establish quantitatively the morphological changes of y' conditions. under the various stress annealing The measurements were made on photographs of secondary electron micrographs using the point counting method. This method is described as follows. The micrographs, whose magnification are about 7,000 times, were further enlarged about 2 times by copy duplication. On a square of 60 mm x 60 mm in the enlarged photograph, two directional straight lines parallel and vertical to the applied stress were drawn in space of 4 mm respectively.
Then, the numbers of points of intersections between the lines and perimeters of yl were counted for each direction. In this way, c/a could be simply obtained from the ratio of two sums of counting numbers for each direction. While it is recognized that accuracy will increase w-ith a decrease in line spacing, the above line spacing was considered sufficient to achieve the accuracy required in this study. The aspect ratio measurement results are shown in Figure 4 and Figure 5 . The changes in c/a with annealing time at 9OOoC at three stress levels are shown in Figure 4 .
As the map for 100 hours of exposure time is shown in As can be seen, contour lines for c/a can be approximately drawn through the plotted points of actual measurements. using this map, Conversely, it is suggested that stress or temperature in actual high temperature performance parts such as turbine airfoils can be estimated by the measurement of y I aspect ratio in a certain performance time, if either stress or temperature are already known. There is another case regarding application of yl aspect ratio to estimate stress in alloys. This example is shown in Figure  7 . The photograph on the left exhibits y' structure in IN-713C under the applied stress of 20.5 MPa at 8500C for 100 hours.
As can be seen, the degree of y' rafting is different around the MC carbide. This indicates that stress around a carbide can vary relative to location. Calculations were made of the local stress distribution around the carbide using the map displayed in Figure 6 .
The results are shown on the right in Figure 7 by 
